Abstract. The paper presents the example of practical application of theory of constraints. We use this conception to improve production process in the case of company producing electrical equipment for the mining industry. During the observation and on the basis of the ERP system used in the company as well as process mapping, the area in which the so called "bottleneck" problems are present was determined according to the theory of constraints. Analysis of the "bottleneck" using theory of constraints was carried out in the Paint Shop department, as this is the department where the biggest financial losses are generated and the entire painting process inefficient. The aim of the paper is to analyze of the "bottleneck" using theory of constraints in the production industry to improve the process.
Introduction
The Theory of Constraints (TOC) is an approach concerning the capacity of manufacturing process limitation by its capacity-constraining resources. TOC can be used in manufacturing and service companies as well as in several managerial areas, such as: project management, quality management, information systems. The theory is especially widespread in production planning. In this case it is used as a new approach suitable for managing operations according to the pull system (for example when particular company is used just in time conception). TOC operates according to the well-known idiom "a chain is no stronger than its weakest link" [1, 2, 3, 4, 5, 6, 7] .
The aim of the paper is to analyze of the "bottleneck" using theory of constraints in the production industry to improve the process.
Theory of Constraints
TOC was first described by E. M. Goldratt and Cox [8] and called a "Theory of production". In the next years TOC was described in Goldratt's new books where he used the name "Theory of constraints" [9, 10, 11] . Some authors refer to TOC as a "method" of management while some call it a "management philosophy". It can be defined as a management approach based the process of continuous improvement made up of seven steps. The main purpose of this approach is to identify constraints in the overall process and overcome them. TOC is based on the observation that every company must have a constraint, otherwise it could be producing an infinite stream of profits. The underlying principle of the theory of constraints is that the whole organization can be measured and controlled by variations on the particular measures. There are various conceptions of use of this method; for example, it can be used as [12] :
• a method for production planning and control in manufacturing companies,
• a method of implementation in service and non-profit organizations,
• application in several management areas, such as purchasing, quality and information system management,
• method for project scheduling under resource constraints. From the viewpoint of this article the most interesting usage of the method is the industrial engineering approach [13, 14, 15, 16, 17] . We can distinguish many types of constraints, for example [2, 11, 18, 19, 20, 21, 22] :
• bottlenecks in the production line,
• problems with delivery to customers, • stocks across the supply chain,
• problems with operations in the production process,
• cycle times,
• cultural problems between team members. Organization as a whole can be viewed as a dynamic system undergoing periodical transformation as it seeks to thrive by adapting to the changes in its environment. In this case managers need to be continuously monitoring their performance and seeking to develop and implement positive changes in the production process. This managerial effort requires capability to [8, 11] :
• measure, assess and analyse the current situation relative to specified goals, • create action plans that are designed to eliminate the core problem,
• successfully manage the implementation of systemic changes in the production process to improve its performance. The use of Goldratt's TOC in an industrial company could help to analyse the production process and constraints within it [2, 11, 23] . To assume the goal of the TOC in industry the entire system should be articulated and measured in the five steps [8, 11, 24] :
• identify the system constraints,
• decide how to exploit the system constraints,
• subordinate everything else to the above decisions,
• elevate the system's constraints,
• if in the previous steps a constraint has been broken, go back to the first step of the process. Constraints in the production process restrict the output whether we acknowledge them or not. When the constraints are properly identified and managed, they can provide a direct and fast route to significant improvement of the whole system and be used as a basis for continuous improvement and performance growth of the whole system. In Table 1 there are examples of applicability of the TOC in some industry situations.
Analysis of the Research Problem
The subject of research is a company producing electrical equipment for the mining industry, belonging to an international consortium uniting companies from Poland, Germany, the Russian Federation, the Czech Republic, China and South Africa. Products offered by the company are: electric equipment of the dust-proof casing, services connected with the production of electric equipment, air conditioning systems for underground mining facilities. Five key areas of production are present in the company, i.e.: warehouse and material intake, paint shop, assembly, testing station and final product warehouse. The subject of research are the "bottleneck areas present in the company." During the observation and on the basis of the ERP system used in the company as well as process mapping, the area in which the so called "bottleneck" problems are present was determined according to the theory of constraints. Analysis of the "bottleneck" using theory of constraints was carried out in the Paint Shop department, as this is the department where the biggest financial losses are generated and the entire painting process inefficient.
In the Paint Shop department, focus was put on two aspects of implementing the theory constraints. First was developing a new way of organising work within the paint shop, which has been shown in Table 2 . The changes in the work of the paint shop concern only the 2nd shift. By introducing an additional 4-hour break between the shifts as well as additional drying after the 2nd shift, the company has seen a significant increase in efficiency. With the assumption that one drying cycle during each shift lasts 1.5 hours we get an increase in efficiency of about 19% for one shift. There is also a possibility of flexibly reacting to the problems occurring in the production process in form of overtime. It is a real possibility, then, that the paint ship department could work for 24 hours a day, which would allow to fully utilise the painting booth. The second change implemented pertains to improvements to the painting process and more specifically to its duration. The validity of double-painting the devices was put into question, i.e. painting them with molykote and foundation in the first stage, followed by assembly of the device and returning it to the paint shop for final painting. Additionally, painting the devices with different colours on the inside and outside if not required by the standard or the client was also questioned. Table 3 presents the painting process. Points 4, 5 and 6 of the painting process were subjected to improvements.
Analysis of the painting process has shown that the prolonged painting time is connected with double painting the device as well as the use of two different colours for the internal and external parts of the device. Optimisation of the painting process is a result of synergy of two improvements. The first one is final painting of the device during its first stay in the paint shop. Table 3 . Painting process before implementing the theory of constraints.
The painting process was designed in such a way as to maximise the availability of the painting booth and thus eliminate the "bottleneck", as shown in Table 4 . The amount of time needed for conducting the entire painting process decreased significantly. The difference is about 5 hours, which translates into a reduction of about 35%. 
Conclusion
Applying the theory of constraints in the production process analysed allowed for eliminating the so-called "bottleneck" by shortening the entire painting process from eight to seven steps. The duration time also decreased from 1145 to 1051 minutes. Shortening of the painting time was also influenced by going from two painting tasks to one and better planning of the entire process. Apart from the abovementioned measures taken to shorten the painting process, additional elements were also implemented to strengthen the "bottleneck" area, such as creating an additional room within the building of the paint shop equipped with lashing. The painting booth was divided into independent painting and drying parts. A divider was also installed so that painting in two different colors is possible. Practical application of the Theory of Constraints confirms the philosophy's universal validity on many levels that can bring measurable gains. Thanks to the Method of Five Steps of Focus, the concept of Theory of Constraints allows for the streamlining of production processes by identifying constraints and taking measures towards their elimination. Using of the theory of constraints in Polish production companies allows for eliminating losses incurred during the manufacturing of products and, consequently, increasing the efficiency of the entire process.
No.
Main tasks of the painting process according to the sequence of execution Before Duration [h] % share 1.
Disassembly of elements and degreasing of the device 2 13 2.
Sanding, degreasing and covering of the surface 1 6 3.
Painting with molykote, drying in the booth 1.5 10 4.
Covering before painting 3 19 5.
Painting with foundation, painting with white paint 2 13 6.
Drying in the painting booth 1.5 10 7.
Covering, painting yellow 3 19 8.
Drying in the painting booth 1.5 10 Total 15.5 100%
